Abstract-Exposure to air pollution is associated with elevated blood pressure and cardiovascular disease. We assessed the associations of exposure to particulate matter (PM 10 ) and nitrogen dioxide (NO 2 ) levels with blood pressure measured in each trimester of pregnancy and the risks of pregnancy-induced hypertension and preeclampsia in 7006 women participating in a prospective cohort study in the Netherlands. Information on gestational hypertensive disorders was obtained from medical records. PM 10 exposure was not associated with first trimester systolic and diastolic blood pressure, but a 10-g/m 3 increase in PM 10 levels was associated with a 1.11-mm Hg (95% confidence interval [CI] 0.43 to 1.79) and 2.11-mm Hg (95% CI 1.34 to 2.89) increase in systolic blood pressure in the second and third trimester, respectively. Longitudinal analyses showed that elevated PM 10 exposure levels were associated with a steeper increase in systolic blood pressure throughout pregnancy (PϽ0.01), but not with diastolic blood pressure patterns. Elevated NO 2 exposure was associated with higher systolic blood pressure levels in the first, second, and third trimester (PϽ0.05), and with a more gradual increase when analyzed longitudinally (PϽ0.01). PM 10 exposure, but not NO 2 exposure, was associated with an increased risk of pregnancy-induced hypertension (odds ratio 1.72 [95% CI 1.12 to 2.63] per 10-g/m 3 increase). In conclusion, our results suggest that air pollution may affect maternal cardiovascular health during pregnancy. The effects might be small but relevant on a population level. Key Words: air pollution Ⅲ pregnancy Ⅲ blood pressure Ⅲ hypertension Ⅲ preeclampsia A ir pollution exposure has been associated with cardiovascular morbidity and mortality. 1-3 Several potential mechanisms for this association have been proposed, including alterations in the autonomic nervous system, induction of pulmonary and systemic inflammation and oxidative stress, endothelial dysfunction, and increased blood coagulability. 1,2,4,5 Elevated blood pressure is a known risk factor for cardiovascular disease and may be implicated in the association between air pollution and cardiovascular morbidity and mortality. Although results differ among studies, 6 -18 there is increasing evidence for a relationship between air pollution exposure and elevated blood pressure levels. 19 Pregnant women are a susceptible group for hypertensive disorders, since changes in pregnancy lead to increased stress on the cardiovascular system. 20 A few previous studies observed higher risks of preeclampsia following exposure to air pollution. [21] [22] [23] However, the associations of air pollution exposure with blood pressure patterns during pregnancy and pregnancy-induced hypertension have not yet been examined.
A ir pollution exposure has been associated with cardiovascular morbidity and mortality. [1] [2] [3] Several potential mechanisms for this association have been proposed, including alterations in the autonomic nervous system, induction of pulmonary and systemic inflammation and oxidative stress, endothelial dysfunction, and increased blood coagulability. 1,2,4,5 Elevated blood pressure is a known risk factor for cardiovascular disease and may be implicated in the association between air pollution and cardiovascular morbidity and mortality. Although results differ among studies, 6 -18 there is increasing evidence for a relationship between air pollution exposure and elevated blood pressure levels. 19 Pregnant women are a susceptible group for hypertensive disorders, since changes in pregnancy lead to increased stress on the cardiovascular system. 20 A few previous studies observed higher risks of preeclampsia following exposure to air pollution. [21] [22] [23] However, the associations of air pollution exposure with blood pressure patterns during pregnancy and pregnancy-induced hypertension have not yet been examined.
We investigated the associations of particulate matter (PM 10 ) and nitrogen dioxide (NO 2 ) exposure levels during pregnancy with repeatedly measured blood pressure and the risks of pregnancy-induced hypertension and preeclampsia in a population-based cohort study among 7006 pregnant women in the Netherlands. pregnancy (nϭ73), diagnosed preexistent hypertension (nϭ111), or no data on blood pressure during pregnancy (nϭ1) were excluded. The associations of air pollution exposure with blood pressure levels and gestational hypertensive disorders were analyzed in the remaining 7006 women (see Figure S1 for a flow chart, available at http://hyper.ahajournals.org).
Traffic-Related Air Pollution Exposure
Individual exposures to PM 10 and NO 2 during pregnancy were assessed at the home address, using continuous monitoring data and Geographic Information Systems (GIS)-based modeling techniques, taking into account both the spatial and temporal variation in air pollution. A detailed description and a flow chart of the exposure assessment are presented in supplemental file 1 and Figure S2 . In brief, annual average concentrations of PM 10 and NO 2 for the years 2001 to 2006 were assessed for all addresses in the study area, using the 3 Dutch national standard methods for air quality modeling. 25 Subsequently, hourly concentrations of PM 10 and NO 2 were derived, using hourly air pollution measurements from 3 continuous monitoring stations (hourly calibration), taking into account hourly wind conditions and fixed temporal patterns in source contributions. Based on participants' home addresses, we derived individual exposure estimates for different periods in pregnancy (supplemental file 1).
Blood Pressure in Different Trimesters of Pregnancy
Blood pressure was measured with the validated Omron 907 ® automated digital oscillometric sphygmanometer (OMRON Healthcare Europe B.V.), according to standard procedures. The mean value of 2 blood pressure readings over a 60-s interval was documented for each participant.
Pregnancy-Induced Hypertension and Preeclampsia
Information on pregnancy-induced hypertension and preeclampsia was derived from hospital registries. Women suspected of pregnancy complications based on these registries were crosschecked with the original medical records. 26 The diagnosis of pregnancy-induced hypertension and preeclampsia was based on the following criteria: development of systolic blood pressure Ն140 mm Hg and/or diastolic blood pressure Ն90 mm Hg after 20 weeks of gestation in previously normotensive women. These criteria plus the presence of proteinuria (Ն2 dipstick readings of 2ϩ or greater, 1 catheter sample reading of 1ϩ or greater, or a 24-hour urine collection containing at least 300 mg of protein) were used to identify women with preeclampsia. Women with hemolysis elevated liver enzymes and low platelets (HELLP) syndrome were included in the preeclampsia group.
Covariates
Medical records completed by midwives and obstetricians were used to obtain information about date and gestational age at delivery. Information on maternal age, educational level, ethnicity, parity, and folic acid supplementation use was obtained by a questionnaire at enrollment. As there were no differences in observed results when ethnicity was categorized into 5 groups instead of 2 groups, we reclassified ethnicity into European and non-European. Height and weight were assessed at enrollment. Weight was repeatedly measured at subsequent visits. Maternal smoking and alcohol consumption before and during pregnancy were assessed by questionnaires in each trimester. Road traffic noise exposure was assessed according to requirements of the European Environmental Noise Directive and expressed in the noise metric L den (day, evening, night) (supplemental file 2).
Statistical Analysis
First, the associations of air pollution exposure with repeatedly measured systolic and diastolic blood pressure were analyzed using unbalanced repeated measurement regression models. These models take into account the correlation between repeated measurements of the same subject and allow for incomplete outcome data. 27 The best-fitting models were constructed using fractional polynomials of gestational age. 28 Air pollution exposure averaged over total pregnancy (PM 10 or NO 2 , in quartiles) was included in these models as intercept and as an interaction term with gestational age. Second, with multivariate linear regression models, we estimated the associations of PM 10 and NO 2 levels in the relevant time periods with systolic and diastolic blood pressure in the first, second, and early third trimester. Third, the associations of air pollution exposure during pregnancy with pregnancy-induced hypertension and preeclampsia were assessed using multivariate logistic regression models. In the linear and logistic regression models, air pollution was included as a 10-g/m 3 increase in exposure. We also conducted analyses with air pollution exposure categorized in quartiles. Additional tests for trend were performed by including the SD value of PM 10 and NO 2 exposure as a continuous term in the model. All models were adjusted for known determinants of blood pressure patterns during pregnancy (maternal age, height, weight, ethnicity, education, parity, folic acid supplementation use, smoking, and alcohol consumption) and for road traffic noise exposure. Models with blood pressure patterns were adjusted for weight at measurement and were additionally adjusted for gestational age at measurement. Models with hypertensive complications were adjusted for weight at enrollment. The percentages of missing values within the population for analysis were lower than 1% for continuous data and lower than 15% for categorical data, except for folic acid supplementation use (25%). We applied multiple imputation for missing data in covariates. 29 The repeated-measurement analyses were performed using the Statistical Analysis System version 8.2 (SAS Institute Inc.), including the Proc Mixed module for unbalanced repeated measurements. All other analyses were performed using SPSS version 17.0 for Windows (SPSS Inc.). Table 1 presents the subject characteristics. Additional subject characteristics are presented in supplemental Table S1 . Blood pressure was measured in 4853 women in the first trimester, 6361 women in the second trimester, and 6488 women in the early third trimester. In total, 17 702 blood pressure measurements were available for analyses. Of all women, 3.6% were diagnosed with pregnancy-induced hypertension, and 2.0% developed preeclampsia or HELLP. The women were evenly distributed by conception season. Data on air pollution exposure levels is presented in the supplemental data (Figures S3 and S4 and Table S2 ). Figure  S3 presents maps of the study area illustrating the spatial distribution of PM 10 and NO 2 concentrations. Mean exposure levels during pregnancy were 30.3 (SD 3.2) g/m 3 for PM 10 and 39.8 (SD 4.2) g/m 3 for NO 2 ( Figure S4 ). Correlation coefficients between period-specific PM 10 and NO 2 exposure averages are presented in Table S2 .
Results

Subject and Exposure Characteristics
Air Pollution and Longitudinally Measured Blood Pressure Patterns During Pregnancy
Systolic blood pressure increased throughout pregnancy (Figure) . Since there were no major differences in results before and after adjustment for covariates, we present results for the unadjusted models. Compared to the lowest quartile of PM 10 exposure, the 3 higher quartiles showed a steeper increase for systolic blood pressure throughout pregnancy. Compared to the lowest quartile of NO 2 exposure, the 3 higher quartiles showed a higher systolic blood pressure in early pregnancy and more gradual increases thereafter. In all air pollution exposure groups, diastolic blood pressure showed a midpregnancy dip, with an increase thereafter (Figure) . Compared to the reference group, the second quartile of PM 10 exposure showed a steeper increase for diastolic blood pressure throughout pregnancy. The diastolic blood pressure patterns for the third and fourth quartiles of PM 10 exposure were not significantly different from the reference group. Compared to the lowest quartile of NO 2 exposure, the 3 highest quartiles showed higher midpregnancy diastolic blood pressure levels and more gradual increases thereafter. Effect estimates from these repeated-measurement regression analyses are presented in supplemental Table S3 . Table 2 presents the cross-sectional associations of PM 10 and NO 2 levels with systolic and diastolic blood pressure in the first, second, and third trimester. In the first trimester, no association was observed for PM 10 10 and NO 2 exposure were included in the same model, no major differences in effect estimates were observed (results not shown). Moreover, when we additionally adjusted for meteorologic conditions on the day of the measurement (24-hour average temperature, maximum temperature, relative humidity, or barometric pressure), results were comparable (supplemental Table S5 ). 
Air Pollution and Blood Pressure in Different Trimesters of Pregnancy
Air Pollution and the Risk of Pregnancy-Induced Hypertension and Preeclampsia
Discussion
This large population-based prospective cohort study from early pregnancy onward suggests that higher PM 10 exposure levels are associated with a steeper rise in systolic blood pressure throughout pregnancy and an increased risk of pregnancy-induced hypertension. This study extends previous epidemiological research on air pollution and cardiovascular end points in various populations and suggests that air pollution exposure may affect cardiovascular health in pregnant women.
Air Pollution, Blood Pressure, and the Risk of Hypertensive Complications During Pregnancy
In normal pregnancy, blood pressure starts to fall during the first trimester, reaching its lowest point in midpregnancy, and then gradually returns to prepregnancy levels by term. This pattern is stronger for diastolic than for systolic blood pressure. 30,31 Previous research indicates that a different pattern is present in women who develop gestational hypertensive disorders. 31 Their blood pressure is stable during the first half of pregnancy and then continuously increases until delivery. 31 Potential pathways for a prohypertensive effect of air pollution have been suggested to include an increase in sympathetic tone and/or modulation of basal systemic vascular tone as a result of increased endothelin-1 concentrations, 8, 16 and impairment of nitric oxide-induced vasodilation. 5, 6, 8 Furthermore, exposure to air pollution might result in placental inflammation, 32 which could predispose to the development of gestational hypertensive disorders. 20, 33 The development of these disorders are not only associated with adverse maternal and perinatal outcomes, 33 but also with an increased risk of future cardiovascular disease. 34 To our knowledge, this study is the first that examined the associations of air pollution exposure with blood pressure levels in pregnant women. We observed associations for PM 10 exposure levels with elevated systolic blood pressure levels in the second and third trimester and with a steeper rise in systolic blood pressure throughout pregnancy. No consistent effects of PM 10 exposure on diastolic blood pressure patterns were observed. Higher NO 2 exposure levels were associated with elevated systolic blood pressure levels in the first, second, and third trimester. Also, higher NO 2 exposure levels were associated with higher midpregnancy diastolic blood pressure levels and a more gradual increase thereafter. Although the differences in blood pressure levels are small and within physiological ranges, they appear to have the same order of magnitude as effects of maternal smoking during pregnancy. 35 The differences are not clinically relevant on an individual level but might be relevant on a population level.
There is increasing evidence for a relationship between particulate matter exposure and elevated blood pressure levels. 19 Indeed, a number of previous studies reported increases in systolic blood pressure in nonpregnant adults following exposure to PM 10 , 7,10 particulate matter from dif- A Systolic blood pressure in PM 10 exposure quartiles
Figure.
Systolic and diastolic blood pressure patterns in different air pollution exposure categories. *PϽ0.001, †PϽ0.05. Curves represent systolic and diastolic blood pressure patterns for women exposed to different air pollution exposure levels during pregnancy (categorized into quartiles), based on repeated-measurements analysis. The lowest quartiles of PM 10 and NO 2 exposure were used as the reference group. The models are further explained in supplemental Table S3 . Probability values reflect the significance level of ␤ 4 , which reflects the difference in change in blood pressure per week for systolic and diastolic blood pressure between air pollution exposure quartiles. Values are regression coefficients (␤ ͓95% CI͔) and reflect the difference in systolic and diastolic blood pressure in mm Hg per 10-g/m 3 increase in air pollution exposure (averaged from conception until measurement). Models are adjusted for maternal weight and gestational age at measurement, maternal age, height, parity, ethnicity, education, folic acid supplementation, smoking, alcohol consumption, and noise exposure.
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ferent size ranges, 6, 12, 16, 17 or specific components of particulate matter such as black smoke and organic carbon. [11] [12] However, other studies were not able to demonstrate positive associations. 8, 9, [13] [14] [15] 18 Results on the associations for particulate matter with diastolic blood pressure are heterogeneous. 6 -13,15-17 Only a few studies evaluated the impact of NO 2 exposure on blood pressure levels and showed inconsistent results. 7, 10, 13, 17 We used pregnancy-specific exposure averages to air pollution. Most previous studies investigated the impact of relatively acute exposures. One study, conducted among 5112 adults, used longer-term (30-and 60-day) exposures and reported stronger associations for PM 2.5 exposure with systolic blood pressure when using longer-term averages compared to shorter (1 to 7 days) averages. The authors suggested that cumulative exposure may have a greater impact on health than acute exposure. 6 This explanation is supported by findings from other studies that observed stronger associations for multiday exposure averages compared to more acute exposures. 11, 17 We observed associations for PM 10 exposure with an increased risk of pregnancy-induced hypertension. Associations for PM 10 exposure with the risk of preeclampsia and for NO 2 exposure with the risks of pregnancy-induced hypertension and preeclampsia were not significant. Only 4 studies, all based in the United States, evaluated the associations for air pollution exposure and preeclampsia. The first study reported increased risks for preeclampsia in women exposed to elevated levels of PM 10 and PM 2.5 , 21 whereas the second study observed an increased risk in relation to elevated exposure levels of carbon monoxide (CO) and sulfur dioxide, but not for PM 10 , PM 2.5 , and NO 2 . 22 A third study observed no association with the risk of preeclampsia for PM 2.5 exposure and suggestive evidence for CO exposure. 36 The fourth study, and the only one described in a full-text paper, reported increased risks of preeclampsia in women exposed to higher levels of PM 2.5 and nitrogen oxides (NO x ). 23 Our study provides further evidence that air pollution exposure is related to gestational hypertensive disorders. More research is needed to confirm these findings and to examine the underlying mechanisms.
Air pollution, especially the traffic-related part, is a complex mixture of several pollutants. PM 10 and NO 2 might act as surrogates for this mixture and are therefore not necessarily the causative agents in the relationship between air pollution and cardiovascular outcomes. The biological plausibility of health effects induced by particulate matter has been well described. 1, 2, 4 In contrast, it has been proposed that health risks associated with NO 2 may result from traffic-related emissions correlating with NO2, chemical reaction products of NO 2 , or NO 2 itself. 37 We observed different results regarding PM 10 and NO 2 exposure. When including both PM 10 and NO 2 in the models, results for blood pressure did not change. However, the risks for gestational hypertensive disorders increased for PM 10 exposure when adjusting for NO 2 exposure, suggesting that PM 10 may act as better surrogate for the toxic components of air pollution. Nevertheless, although some tests for trends were significant, we observed no clear dose-response relationship for any of the outcomes when examining quartiles of exposure. Therefore, the presence of a causal association between the studied pollutants and blood pressure cannot directly be assumed.
Methodological Considerations
A main strength of our study is the use of repeated blood pressure measurements during pregnancy, with 17 702 blood pressure measurements available for analysis. Since the last blood pressure measurement was scheduled at a gestational age of 30 weeks, our findings in the late third trimester should be interpreted with caution.
Previously demonstrated estimates for the incidence of preeclampsia range from 2% to 8% 20, 33, 38 and from 6% to 9% for pregnancy-induced hypertension. 20, 39 This study was performed in a population-based cohort with a selection toward a relatively highly educated and more healthy study population. 24 The selective participation might have resulted in an underrepresentation of pregnant women with increased risks of pregnancy hypertensive disorders. We used medical chart review for definition of pregnancy-induced hypertension. In the Netherlands, community midwives often remain responsible for the care of women with a diastolic blood pressure between 90 and 100 mm Hg. As a result, our study may have missed some mild cases of gestational hypertension. 39 The low incidences may have resulted in a loss of power to detect a relationship between air pollution and hypertensive complications during pregnancy.
Many previous studies were limited in their ability to consider both the intraurban gradients and temporal variation in air pollutants. A few previous studies on blood pressure incorporated this information, either by monitoring personal, indoor-home, or outdoor-home concentrations 11, 12, 14 or by controlling exposure in an exposure chamber. 8, 9, 15 However, these studies were based on relatively small sample sizes (nϽ100) and were often conducted in elderly subjects or subjects with preexisting diseases. 11, 12, 14 In our study, we were able to consider detailed spatial and temporal contrasts in exposure. The quality of the assigned exposure estimates was further enhanced by allowing for residential mobility of the women during pregnancy. There might still be misclassification of air pollution exposure. Exposure levels were estimated at the home address, whereas pregnant women do not spend all of their time at home. Other types of exposure (eg, indoor, occupational, or commuting) were not taken into account. If anything, misclassification in the air pollution exposure assessment is expected to be random and might have resulted in underestimation of the effects. Furthermore, we were able to control for many potential confounders not always available in other studies, such as maternal smoking, alcohol consumption, educational level, weight, height, and noise exposure. However, residual confounding caused by unmeasured variables might still be an issue.
Perspectives
We showed in a population-based prospective cohort study in the Netherlands that exposure to higher PM 10 
Supplementary file 1. Air pollution exposure assessment
Hourly concentrations of particulate matter (PM 10 ) and nitrogen dioxide (NO 2 ) at all addresses in the study area (Northern part of Rotterdam) were estimated for the years 2001-2006, using advanced spatiotemporal dispersion modelling techniques in combination with hourly air pollution measurements at three continuous monitoring sites located around the study area. A flow chart of the exposure assessment approach is presented in figure S2 . We took the following steps to assign exposure estimates to the addresses in this area.
Spatial pattern
First, approximately 800 000 digital calculation points, further referred to as 'receptors', were assigned to the façades of all dwellings. Annual average concentrations of PM 10 and NO 2 were assessed for every receptor using the three Dutch national standard methods for the calculation of air quality, and Geographic Information Systems (GIS). These standard methods have been established by the Dutch government, and are designated to calculate the contribution of intra-urban road traffic, traffic on highways, and industrial and other nontraffic point sources (standard calculation method 1, 2 and 3, respectively). 1 For each year, the spatial distribution of annual average concentrations was assessed for eight different wind conditions (wind direction: north/east/south/west; wind velocity: light/strong). For each hour, we then derived the corresponding spatial distribution for the (intermediate) wind direction and wind speed at that specific hour, by means of interpolation between the eight characteristic spatial distributions.
Input data for the calculations described above were traffic characteristics (traffic intensities, traffic composition, road characteristics), vehicle emission factors, buildings and ground characteristics, and emission data from shipping, industry, and households. Detailed digital maps with information on geographic locations and traffic characteristics for roads in the study area were obtained from the local authorities of Rotterdam. Traffic intensities, emission sources, emission data, and meteorological data were supplied by the DCMR Environmental Protection Agency Rijnmond (DCMR). 2 Subsequently, the spatial distributions that corresponded to the hourly wind conditions were adjusted for fixed temporal patterns of source activities, by applying fixed scaling factors to the contributions of various air pollution sources. In this way, we accounted for temporal fluctuations in the contribution of air pollution sources during the day (e.g., morning and evening rush hour), week (e.g., working days and weekend days), and month. For example, the contribution of traffic was scaled with the hourly traffic intensity pattern. The fixed temporal patterns were derived on the basis of traffic counts (reflecting traffic fluctuation patterns) and energy usage data (reflecting residential heating patterns).
Temporal pattern and calibration
The modelled concentrations were adjusted based on hourly continuous monitoring data at three stations in the area. This served two main purposes. First, the temporal fluctuations in background concentrations were taken into account. Second, the modelled concentrations were calibrated against measured concentrations.
The hourly calibration procedure was performed in the following way. Concentrations were modelled for each hour at the locations of three monitoring stations and compared with the actual measurements. Subsequently, the differences between modelled and measured concentrations at the three monitoring stations were averaged into a representative difference for the whole area. This difference was added to or subtracted from the modelled concentrations.
Continuous air pollution monitoring data was provided by DCMR. Missing values for PM 10 concentrations at the three monitoring stations were imputed with hourly concentrations derived from the large-scale concentration database for air pollution in the Netherlands (generally referred to as 'GCN map') published by the Netherlands Environmental Assessment Agency (PBL), the national institute for policy analysis in the field of environment, nature and spatial planning. The hourly concentrations in the GCN database are estimated on the basis of hourly measurements from the National Air Quality Monitoring Network (LML), emission data, and modelling. The developed nationwide concentration maps are updated annually and provide the best estimates of large-scale air quality currently available. 3 Modelling performance A recent study compared the performances of a dispersion modelling approach that incorporates the same Dutch national standard models for calculation of air pollution concentrations and a land-use regression model, in the larger Rotterdam region. This showed a good agreement between annual average NO 2 concentrations predicted by dispersion modelling and concentrations measured at eighteen sites in the area (Pearson correlation coefficient ρ=0.77). 4 No results are available for PM 10 , but the exposure assessment approach is essentially the same for both pollutants (the approach is based on the standard calculation methods, which incorporate the same dispersion laws for PM 10 and NO x ). Thus, a comparable performance of the dispersion modelling may be assumed for PM 10 . Moreover, the substantial temporal fluctuations in air pollution concentrations were taken into account by the hourly calibration procedure with hourly monitoring data (measured at three stations). This further enhances the agreement between predicted and measured concentrations. Therefore, it can be expected that the hourly PM 10 and NO 2 concentrations will be more precise than annual average concentrations.
Exposure assignment
For each dwelling, the receptor at the most exposed façade was selected, and the corresponding air pollution values were assigned to the address. Assigning exposures based on the home address at time of delivery may introduce exposure misclassification as a number of women might change address during pregnancy, 5 and are thus exposed to different levels of air pollution. To overcome this potential limitation, we obtained full residential history of the participants by combining the address data collected by questionnaires with data from the local authorities of Rotterdam. It was ascertained that the residential history covered the total pregnancy period. Of the women in our study, 87% did not move during pregnancy, 12% changed residence once, 1% moved twice, and 0.1% moved three times during pregnancy.
We calculated exposure estimates for the participants using the following approach. Derived from the hourly concentrations of PM 10 and NO 2 , we constructed a database containing daily averages (24h) for every address, for the years 2001-2006. Allowing for residential mobility, air pollution exposure estimates were linked to the different home addresses of the participants during pregnancy. We derived average exposure estimates for different periods in pregnancy: 1) conception until first blood pressure measurement (median 13.2 weeks of gestation, 95% range 9.6 to 17.5); 2) conception until second blood pressure measurement (median 20.4 weeks of gestation, 95% range 18.5 to 23.6); 3) conception until third blood pressure measurement (median 30.2 weeks of gestation, 95% range 28.4 to 32.9); and 4) conception until delivery (median 40.1 weeks of gestation, 95% range 35.7 to 42.4). Average exposures were only calculated for periods with <20% of the daily averages missing. For the other periods, air pollution exposures were set to missing.
There was substantial spatial and temporal variation in pregnancy-specific exposure levels. Mean period-specific PM 10 and NO 2 exposure levels in our study population are presented in figure S3 . The correlation coefficients between period-specific PM 10 and NO 2 exposure averages are presented in Table S2 . Correlations between exposure averages in different pregnancy periods were moderate to strong (PM 10 : Pearson correlation coefficient r = 0.76 to 0.96, NO 2 : r = 0.68 to 0.94). PM 10 and NO 2 levels averaged over the same pregnancy period were moderately correlated (r = 0.57 to 0.63).
Supplementary file 2. Traffic-related noise exposure assessment
Road traffic noise exposure was assessed in accordance with requirements of the European Environmental Noise Directive. The method has been described previously in more detail. [6] [7] Input data for the noise calculations was a detailed digital map describing the geographic location of roads and the traffic characteristics for each road segment, provided by the local authorities of Rotterdam for the current situation at time of the study (base year 2004). This data can be reasonably applied to adjacent years, as the road network is assumed to be rather stable, with only small (if any) but equal changes in noise exposure across the population. Noise exposure levels are expressed in the EU standard noise metric L den (day, evening, night), a measure of annual average sound levels. We assessed the road traffic noise (L den ) level at the façade of the dwelling of every address in the study area. Very low levels of noise exposure (<45 dB(A)) were recoded as 45 dB(A) because this was considered a lower limit of the ambient noise in an urban surrounding. To each participant, we assigned the noise exposure level calculated at the participant's home address at time of the blood pressure or pregnancy complication measurement. Median noise exposure levels were 52.8 (95% range 45.0 to 68.4) dB(A) at first blood pressure measurement; 52.7 (95% range 45.0 to 68.2) dB(A) at second blood pressure measurement; 52.7 (95% range 45.0 to 68.3) dB(A) at third blood pressure measurement; and 52.5 (95% range 45.0 to 68.2) dB(A) at delivery.
We adjusted for noise exposure when examining the associations for air pollution exposure with blood pressure and gestational hypertensive disorders. Recent studies expressed the need to include information on noise exposure in studies on traffic-related air pollution exposure and health, since traffic is a major shared source for both air pollution and noise, [6] [7] [8] [9] and substantial evidence indicates an effect of traffic-related noise exposure on cardiovascular endpoints such as hypertension and ischemic heart disease. 6 10-12 Noise is hypothesized to act on cardiovascular health through noise-induced stress responses, resulting in the activation of the sympathetic autonomic nervous system and the endocrine systems, which may lead to alterations in blood pressure, cardiac output, blood lipids and glucose, and blood clotting factors. 13 Similar to air pollution exposure, noise exposure was calculated with a detailed model that takes into account the small scale intra-urban spatial contrasts in the study area. This approach reduces the misclassification of noise exposure that may occur in studies where exposure is based for example on calculations for a coarse grid or on subjective information such as questionnaire data. 13 Furthermore, both air pollution exposure and noise exposure were assessed using the same spatial input data, and for the same locations (the façades of participants' home addresses), thereby reducing potential bias resulting from differences in spatial resolution. Table S1 . Additional subject characteristics (n=7006). Values are based on repeated linear regression models and reflect the difference in systolic blood pressure and diastolic blood pressure patterns in mm Hg (95% CI) for each quartile of air pollution exposure during pregnancy compared to the reference group (lowest quartile).
Maternal characteristics
Models are based on 17702 measurements, and can be written as follows:
-Systolic blood pressure = β 0 + β 1 *air pollution + β 2 *gestational age + β 3 *gestational age -2 + β 4 *air pollution*gestational age -Diastolic blood pressure = β 0 + β 1 *air pollution + β 2 *gestational age + β 3 *gestational age 0.5 + β 4 *air pollution*gestational age
In these models, 'ß 0 + ß 1 *air pollution' reflects the intercept, 'ß 2 *gestational age + ß 3 *gestational age -2 ' reflects the slope of change in blood pressure per week for systolic blood pressure, and 'ß 2 *gestational age + ß 3 *gestational age 0.5 ' reflects the slope of change in blood pressure per week for diastolic blood pressure.
P-values reflect the significance levels of ß 1 and β 4 , which reflect the difference in intercept, and the difference in change in blood pressure per week for systolic and diastolic blood pressure between different air pollution exposure quartiles, respectively. Values are regression coefficients (95% CI) and reflect the difference in systolic and diastolic blood pressure in mm Hg per 10 µg/m 3 increase in air pollution exposure (averaged from conception until measurement). a Models are adjusted for maternal weight and gestational age at measurement, maternal age, height, parity, ethnicity, education, folic acid supplementation, smoking, alcohol consumption, and noise exposure. b Models are additionnally adjusted for 24h-average temperature on the day of the measurement.
c Models are additionnally adjusted for maximum temperature on the day of the measurement.
d Models are additionnally adjusted for relative humidity on the day of the measurement.
e Models are additionnally adjusted for barometric pressure on the day of the measurement. Values are odds ratios (95% CI) and reflect the risk for gestational hypertensive disorders for each quartile of air pollution exposure during pregnancy as compared to the reference group (lowest quartile). Tests for trend were performed by including standard deviation values for the exposure variables (observed value/standard deviation value in the study population) as a continuous term in the regression model. Models are adjusted for maternal age, height, weight at intake, parity, ethnicity, education, folic acid supplementation, smoking, alcohol consumption, and noise exposure. Women with pregnancy-induced hypertension were coded as missing for preeclampsia, and women with preeclampsia were coded as missing for pregnancyinduced hypertension. Figure S1 . Population for analysis.
Enrolment of pregnant women N = 8880
Pregnancies resulting in a live singleton birth N = 7118
Women with a blood pressure or pregnancy outcome measurement N = 7006
Excluded due to twin pregnancy, abortion, or intrauterine death N = 73
No valid air pollution data N = 1689
Subjects with valid air pollution exposure estimates (> 80% of the days available) for at least one pregnancy period N = 7191
Excluded due to pre-existent hypertension (N=111) or missing blood pressure data (N=1) N = 112 
